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(54) Radiation image read out method and apparatus 

the phosphor screen (7) upon stimulation, erasing the 
phosphor screen by exposing It to erasing light emitted 
lay at least one laser source. 



(57) A radiation image read out method and appara- 
tus comprising stimulating a divalent europium activated 
cesium halide phosphor screen wherein said haiide is at 
least one of chloride and bromide, that has been 
exposed to a radiation Image, detecting light emitted by 
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Desert ption 

FIELD OF THE INVENTION 

5 [0001] The present Invention relates to method and a system for reading a radiation Image that has been stored In 
a photostimulable phosphor screen. More particularly the Invention relates to the reuse of the photostimulable phosphor 
screen. 

BACKGROUND OF THE INVENTION 

10 

[0002] Radiation image recording systems wherein a radiation image is recorded on a photostimulable phosphor 
screen by exposing said screen to Image-wise modulated penetrating radiation are widely used nowadays. 
[0003] The recorded image is reproduced by stimulating the exposed photostimulable phosphor screen by means 
. of stimulating radiation and by detecting the light that is emitted by the phosphor screen upon stimulation and converting 
fs the detected light Into an electrical signal representation of the radiation image. 

[0004] In such a system it is preferred, In view of economy^ that the stimulable phosphor screen can be used In 
many Imaging cycles. 

[0005] The reuse of the stimulable phosphor screen is possible when the previously stored radiation image Is 
erased to a sufficient extent 

20 [0008] When reading out an frnage by stimulating a phosphor screen that has been exposed to penetrating radia- 
tion, less than 90% of the stored energy is released. Thus there arises a problem that, upon reuse, part of the radiation 
Image is stiil stored in the phosphor screen and can appear In the subsequent Image as a so-called ghost image. 
[0007] In general medical radiography, images are made with widely differing X-ray doses. 
[0008] To make images of extremities. Iil<e e.g. fingers, doses are used of the order of 1 mR. On the other hand, 

25 images of intemal organs, like the stomach are made with X-ray doses that may be as high as 300 mR. 

[0009] To avoid ghosting, when making a 1 mR Image immediately after a 300 mR image, the signal of the first 
Image must be reduced by more than a factor of 300. 

[001 0] As a matter of fact, a dynamic range Is desi red in the second Image of at least 1 00. This implies tiiat the sig- 
nal created by the first Irradiation must be reduced by a factor of at least 3.10^. which Is equivalent to requiring an eras- 
30 ure depth of 1/(3.10^3.3.10-^. 

[001 1] According to USP 3,859,627 (column 4, lines 5-7) the phosphor can be reduced to neutral state by actions 
like a unlfonm Illumination, Irradiation or heating. 

[0012] In commercial systenns, the phosphor screen is erased by illumination with visible light. Incandescent lamps 
are commonly used because they are cheap, high power light sources. 
35 [0013] High power is needed, because in order to guarantee a high through-put scanning system, ttie phosphor 
screen must be erased in a short time. 

[0014] In the first place, high power lamps generate a lot of heat, which may destabilise the scanner to read out the 
storage phosphor screens. The size of the read out apparatus has to be rather large In order to enable removal of the 
heat generated by a powerful erasure unit which Is required In order to have a high throughput. The more compact the 
40 read out apparatus, the more difficult it will be to remove the heat generated by a powerful erasure unit 

[0015] In tiie second place, an erasure unit containing Incandescent lamps, like e.g. quarU halogen lamps, will be 
rather bulky because of the sockets that are needed to make a light source that illuminates the phosphor screen homo- 
geneously. 

[0016] In order to develop a reliable and compact storage phosphor screen digital radiography system tt is impor- 
• 45 tant to reduce the power consumed by the erasure unit. This was not possible in the state of the art system without neg- 
atively affecting the throughput, 

OBJECTS OF THE INVENTTION 

50 [0017] It Is an object of the present invention to provide a method and a system for reading a radiation image that 
has been stored in a photostimulable phosphor screen wherein the screen is erased in between successive recordings 
to an adequate extent so as to permit re-use of the screen. 

[0018] It Is a further object of the present invention to provide such a system that is compact and has at the same 
time a high throughput. 
55 [0019] Further objects will become apparent from ttie description given below. 
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SUMMARY OF THE INVENTfON 



f^l mentioned objects are realised by a method having the specific features defined in claim 1 . 

. , ^u^^^®*" ^^"^ ^® P^^®"* invention relates to an apparatus for reading a radiation Image that has been 

5 Stored In a phosphor screen comprising a divalent europium activated cesium hallde phosphor wherein said haiide is 
at least one of chloride and bromide. The apparatus comprises a source of stimulating radiation ananged for emitting 
stimula ing light, means for directing said stimulating light onto a photoatimulable phosphor screen, a transducer tor 
converting light emrtted by said phosphor screen upon stimulation Into an electrical signal and an erasing unit for eras- 
ingsatd photostlmuJable phosphor screen after having been stimulated. The erasing unit comprising at least one laser 
w [0022] The tenn 'an erasing light source assembly' refers to either a single erasing light source or a group of more 
than one erasing light source. In the latter case when the electrical power is specified the value refers to the electrical 
power of the total assembly. 

[0023] The present invention enables the use of a compact and low power erasure assembly without the need to 
« ^""^ ^ ^ unacceptable extent In this way the read out apparatus can be made very compact 

15 while Its throughput is not negath^ely affected, 

[0024] Still another aspect relates to a re-usable radiation detector comprising 

- a photostimulable phosphor screen, 

- at least one source of stimulating light arranged tor stimulating said phosphor screen. 

20 - an amay of transducer elements arranged for capturing light emitted by the phosphor screen upon stimulation and 
for converting said light into an electrical signal representation, 

- an erasing unit ananged for erasing said screen when It has been read out, 

- means for transporting the phosphor screen and an assembly of stimulating light source(s). said array of transducer 
elements and said erasing unit relative to eachother, 

35 - an enclosure enclosing said photostimulable phosphor screen, said stimulating light source, said erasing unit said 
an^ of transducer elements and said means for transporting the screen, 

- interfacing means for communicating said electrical representation to an external signal processing device 
wherein said erasing unit comprises at least one laser. 

^ £S2 embodiment said stimulating light source and said erasing laser is the same light source. 

[0026] Specific features for prefen-ed embodiments of ttie Invention are set out in the dependent claims 
[0027] In this document tiie temi "radiation" has to be understood as any penetrating radiation and includes irradi- 
ation originating from a radioisotope (e.g. Co60. Irl 92. Se75. etc.). radiation created by an X-ray generator of any type 
radiation and high energy particles created by a high energy radiation generator (e.g. Betatron), radiation from a sample 

» labeled wrth a radioisotope as is the case in e.g. autoradiography. 

p)02^ Further advantages and embodiments of the present invention will become apparent from the following 
description and drawings. 



40 
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BRIEF DESCRIPTION OFTHE DRAWINGS 
[0029] 

Fig- 1 is a block diagram representing the main components of an image read out apparatus comprising an erasure 

Fig. 2 shows an embodiment of a photostimulable phosphor read out unit of tiie flying spot type, 
Fig. 3 shows a second embodiment of photostimulable phosphor read out unit, referred to as scan-head type 
Fig. 4 schematically shows tiie position of the stimulating light source and the erasing light source in the embodi- 
ment of figure 3, 

Fig. 5 shows a radiation detertor according to the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0030] A radiation image read out device (1 ) according to the present invention is schematically shown In figure 1 
The device generally comprises a image read out unit (2) and an erasure unit (3). The read out and erasure units can 
be implemented as separate units or can be incorporated into a single unit 
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First embodlme/rt 



10 



IS 



. A first embodiment of an Image read out unit Is of the flying spot scanner type, this embodiment is shown in 
greater detail In figure 2. 

^® °^ comprises a source of stimulating radiation (5). more particular a HeNe laser emittlna liqht 

at 633 nm. 

Jl*® comprises an oscillating mirror for deflecting flght emitted by the stimulating laser source 

onto the photostimulable phosphor screen (7) into ttie scan direction, a light guide (8) for guiding light emitted by the 
photostimulable phosphor screen upon stimulation onto a photomultipller (9). 

I0034J -me read out unit further comprises means for transporting (not shown) the photostimulable phosphor 
screen into the sub-scan direction indicated by an-ow (10). f 
ia»5J R Will be clear that various attematlves for the components of the apparatus may be envisaged, e.g the 
HeNe laser can be replaced by a diode laser emitting at a wavelength of between 800 and 700 nm. the oscHlating mirror 
can be replaced by a multi-facet mirror etc. auiamnror 
[0036] A read out unit of the fjying spot type Is generally combined with an erasure unit that Is optically separated 
from the read out unH so that there Is no Interference between read out and erasure. Read-out and erasure may take 
place simultaneously or, ahemalively. erasure may start after completion of screen read-out The photostimulable phos- 
phorscreen Is transported through the read unit Into the erasure unit An Image fine which has been read out Is subse- 
dusmty erasad. 

^ f"*"?, , 1 °' P'*'^ simultaneously at different sections of the screen, the 

Sf*!"!!! If^-f '°„T° ™^ "P^et* fro"! the read-out unit, to avoid Interference of the erasing 

iigm wirn ine stimulation light 

*^ °*'*'^<i,^P'^"9 the erasing laser(s) In a black casing. The Inside of the erasure unit may be 
« ^ " '^'"^^ transmission of erasure light In unwanted 

ss directions Between the erasure unit and the read-out unit, black brushes may be placed. This allows transport of the 
storage phosphor screen from the read-out to the erasure unit, but efficiently blocks the light transmission between both 

iwnst] Alternatively, a set of black rollers is placed between the read-out and erasure units. If, during screen trans- 
port Were te good contact between the screen and the rollers, light transmission from the erasure unit to the read-out 

»x/ unn To avoiQ6u> 

100401 Since the Iaser(s) in the erasure unit are not used forscanning. high power lasef^ with relatively large emft- 
ting dimensions, i.e. 1 0 >i or larger, can be used. / a ^ 

[0041] Lasers of this type are e.g.: 



35 



An SDL-3400 laser, that has emitting dimensions of 1 cm x 1 n and a power of up to 20 W 
An SDL-7430 laser has a power of 0.5 W and emits at 680 nm. 



v^T^' ^'^^ ^ ^ fiber^oupled laser. This type of laser cannot be used for scanning 

since the fight exiting from the fiber diverges, but it can be used in a separate erasure unit 
40 [0043] l-asers of this type are e.g.: 

The SDLj7470-P5 laser, that has a power of 3 W. The emission wavelength is 670 - 690 nm. which is in the useful 
wavelength range. 

Another fiber-coupled laser is the SDL-3400-P6 laser with a power of 1 6 W 

45 

[0044J A third type of fiber-coupled laser Is the SDL-6480-P6 laser with a power of 1 2 W 
[0045] A read out apparatus of the above-described Icind is commonly used for read out' of phosphor screens of a 
variety of dimensions which are selected for different kinds of applications. However, the dimensions of the read out 
apparatus and the available possibilities for adjustment of optical and mechanical components imply a maximum format 

so of the screen that can be read out In an apparatua This maximum format Is denoted as S^^, 

[0046] The erasure section comprises at least one erasing light source emitting in the range of 300 to 1 500 nm The 
total electrical power of the erasing unit Is preferably not more than 1 Joule multiplied by S^^, wherein S^^, is the sur- 
face of the largest photostimulable phosphor screen, in cm^. that can be read out in the en^sToned read ouTappaX 
[0047] The wavelength range is selected so as to be optimally matched to the characteristics of the europium acti- 

^ TZ ?I? T ^^""^^ P^iosphor. TTie europium activated cesium halide phosphor is most efficiently erased with erasure 
light within the wavelength range of 500 to 800 nm. 
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Second embodiment 

[0048] A second embodiment of a read out unit, referred to as scan-head type read out unrt type Is shown in figure 
3. 

s [0049] The described scan-head type differs from the conventional flying spot type in that in the scan-head type the 
image read out is line-wise whereas in the conventional flying spot type read out unit the reading is performed in a point- 
by-polnttashion. 

[0050] In one embodiment the read out unit comprises a linear light soun^e (15) for emitting stimulating light onto 

the photoslimuiable phosphor screen, 
10 [0051] This linear light source comprises a number (e.g. 10 to 50) Individual laser diodes arranged in a row. This 

light source provides simuitaneous illumination of all pixels of a single line of the photostimulabie phosphor screen. 

[0052] The read out unit further connprises a fibre optic piate (1 6) for directing light emitted by the phosphor screen 

upon stimulation onto a linear array of sensor elements (17), more particular charge coupled devices. The fibre optic 

plate (16) comprises a number of light guiding fibres mounted in parallel arranged so as to guide the light emitted by 
15 each individual element of an iiluminated line onto a sensor element. 

10053] Atternatlvety. the fibre optic plate can be replaced by an anangement of selfoc lenses or microlenses. A light 

guide member might even be avoided. 

[0054] Alternatives may also be envisaged for the linear light source. This linear light source can be replaced by a 
llying spot Wght source. TTie light emitted by this tight source is then deflected by a rotatabie polygon mln-or onto a scan 
20 line on the phosphor screen. In this way one point of this line at the time Is Illuminated. 

[0055] In the embodiment shown in figure 3 the linear light source Is anranged on one side of the phosphor screen, 
the fibre optic plate and the linear array of sensor elements being arranged on the opposite side. Either of these ele- 
ments extends In the direction of a scan tine. 

[0058] During read out. the phosphor screen on the one hand and the assembly of fibre optic piate and sensor an^ 
25 on the other hand are displaced relative to eachother in the direction of an^w (1 8). 

[0057] in stiil another embodiment which is not shown the array of stimulating light sources, an arrangement of 

selfoc or microlenses and the sensor anray are arranged at the same side of the photostimulabie phosphor screen. 

[0058] After read out the photostinrHJiable phosphor screen is erased so that the energy remaining in the screen 

after read out is released and so that the screen is in a condition for re-use. 
30 [0059] In the type of read out apparatus wherein stimulation is perfomied by means of light emitted by a linear light 

source extending parallel to a scan line on the stimulable phosphor screen, the erasure unit preferably forms part of the 

read out unit. 

[0060] In the embodiment shown In figure 3» the erasing light source is part of an assembly comprising the stimu- 
lating light source, the light guiding and fight detecting means. The position of the stimulating light source and of the 
35 erasing light source Is shown schematically in figure 4. 

[0061] Preferably the erasing section comprises an erasing light source emitting in the range of 300 nm to 1500 nm 
and having an electrical power of not more than 1 J x S^. 

[0062] Read-out and erasure may take place simultaneously or. alternatively, erasure may start after completion of 
screen read-out. 

40 [0063] In the above-described scanner set-up, the same laser can be used for read-out and erasure. In this case, 
erasure takes place when read-out Is finished and since a powerfull laser must be used to reach a sufficient erasure 
deptii In a short time, the laser must be dimmed during read-out This can be achieved by using an optical filter, or by 
reducing the optical power eletronically. 

[0064] if the same laser Is used for read-out and erasure, the laser emitting dimensions must be small, i.e. 3 n or 
45 smaller, in one direction. 

[0065] Lasere of this type are e.g.: 

An SDL-3400 laser, that has emitting dimensions of 1 cm x 1 ji and a power of up to 20 W. 
An SDL-7430 iaser has a power of 0.5 W and emits at 680 nm. This laser again can be used In a separate scan 
so unit, but it can be used simultaneously as scanning and erasing laser in a line scanner, because its emitting dimen- 
sions are 250 x 1 ^. 

[0066] Another type of high power laser is a fiber-coupled laser. This type of laser can be used for erasure, but it 
cannot be used for scanning since the light exiting from the fiber diverges in 2 dimensions. 
55 [0067] Lasers of this type are e.g.: 

The SDL-7470-P5 iaser, that has a power of 3 W. The emission wavelength is 670 - 690 nm, which Is In the useful 
wavelength range. 
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Another fiber-coupled laser is the SDL^00-P6 laser with a power of 1 6 W. 

A third type of fiber-coupled laser is the SDL-6480-P6 laser with a power of 1 2 W. 

[0068] In case read-out and erasure take place in 2 spearate units, the erasing light source assembly is ananged 
5 parallel to the linear array of stimulating light sources. Optical separation between read-out unit and erasure unit Is nec- 
essary in this case and can be achieved as described for the flying-spot scanner. The erasing light source Is transported 
past the Innage that Is read at the same transportation speed in between 30mnn/sec and 250 mm/sec. In this way the 
erasing light source Illuminates a line of the image after it has been submitted to read out 

[0069] Another aspect of the present invention relates to a re-usable radiation detector. This type of detector is 
10 shown in figure 5. 

[0070] The detector comprises an enclosure (22). Wrthin the enclosure a photostimulable phosphor screen (23) Is 
located. This screen preferably comprises a divalent cesium haiide phosphor, wherein said halide Is at least one of chlo- 
ride and bromide. 

[0071] The enciosure further comprises a source of stimulating light (24) ananged for stimulating said phosphor 
15 screen and an array of transducer elements (25) for capturing light emitted tjy the phosphor upon stimulation and for 
converting said light into an electrical signal representation. In the illustrated embodiment the source of stimulating light 
Is a linear light source and the an^ of transducer elements Is also a linear an^y. This embodiment can be made very 
compact and provides fast read out 

[0072] The enclosure further comprises an erasing Rght source (26) arranged substantially parallel to the stlmulat- 
20 Ing light source. 

[0073] TTie enclosure still further contprises means (not shown) for transporting the assembly (27) of stimulating 
light source, erasing light source and array of transducer elements relative to the phosphor screen in a so-called sub- 
scan dirBCtion, Indicated by arrow (28). 

[0074] Means (29), for example an electronic interface and communication channel, are further provided for com- 
es munlcating the electrical signal representation output by the array of transducer elemertts to an external signal process- 
ing device. 

[0075] In this re-usable radiation detector the phosphor screen remains inside the enclosure during irradiation, read 
out and erasure. 

[0076] In this embodiment the stimulating light source and the anay of transducer elements are ananged on oppo- 
30 site sides of the phosphor screen. 

[0077] In alternative embodiment these items may be an^nged on the same side of the phosphor screen. 

[0078] The stlmulable phosphor screen In the several embodiments of the present invention comprises a divalent 

europium acthrated cesium halide phosphor. Such a phosphor Is known In the art and has for example been disclosed 

In EP-A-174 875 (and US 5.028,509). The phosphor Is especially well suited for manufacturing 'binderless' phosphor* 
35 screens. Binderiess phosphor screens provide optima! sharpness. 

[0079] It is advantageous however to use a CsX:Eu phosphor wherein X represents-a halide selected from the 

group consisting of Br and CI. which Is obtained by the following method: 

- mixing CsX with between 1 0*® and 5 mol % of a Europium compound selected from the group consisting of EuX'2, 
40 BuXq and EuOX*, X* being a member selected from the group consisting of F, CI, Br and I, 

- firing the mixture at a temperature above 450 ^'C 
cooling said mixture and 

recovering the CsXiEu phosphor. 

45 [0080] A phosphor that has been obtained as a result of the above method of preparation has an increased conver- 
sion efficiency compared to the state of the art divalent europium activated cesium halide phosphor. The phosphor can 
be stimulated by means of a lower amount of stimulation energy. 

[0081 J A photostimulable phosphor screen using such a phosphor Is preferably obtained by the method of 

50 ' preparing said CsX:Eu phosphor by firing a mixture of said CsX with between 1 0-3 and 5 mol % of an Europium 
compound selected from the group consisting of EuX'g. EuX'3 and EuOX', X' being a halide selected from the group 
consisting of F, Ci, Br and I and 

applying said phosphor on a substrate by a method selected from the group consisting of physical vapor deposition, 
thermal vapor deposition,, chemical vapor deposition, radio frequency deposition and pulsed laser deposition. 

55 

[0082] This nf>ethod of preparation is advantageous because it allows to deposit the phosphor in the form of needle- 
shaped crystals. These needle-shaped phosphor crystals act as light guides so that they reduce the lateral spreading 
of light In the phosphor layer. Reduced lateral light spread leads to images of higher resolution. 
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[0083] Alternativety a phosphor screen containing a CsX:Eu stlmulable phosphor, wherein X represents a hatide 
seiected from the group consisting of Br and C! can also be manufactured by perfomning the steps of : 

bringing multiple containers of said CsX and an Europium compound selected from the group consisting of EuX'2, 
s EuX'3 and EuOX', X* being a halide selected from the group consisting of F. d, Br and i in condrtion for vapor dep- 
osition and 

depositing, by a method selected from the group consisting of physical vapor deposition, thermal vapor deposition,, 
chemical vapor deposition, electron beam deposition, radio frequency deposition and pulsed laser deposition, both 
said CsX and said Europium compound on a substrate in such a ratio that on said substrate a CsX phosphor, 
10 doped with between 1 cr^ and 5 moi % of an Europium compound, Is fonned. 

[0084] This mettiod of preparation fe advantageous because it likewise allows to deposit the phosphor In the form 
of needle-shaped crystals, TTiese needle-shaped phosphor crystals act as light guides so that they reduce the lateral 
spreading of light in the phosphor layer. Reduced lateral light spread leads to images of higher resolution. 
15 [0085] This specific phosphor as well as the methods of preparation have been disclosed In US provisional appli- 
cations 60/159,004 and 60/142,276 which are incorporated herein by reference. 

20 [0086] The erasablRty of a CsBr:Eu screen was measured in comparison to a commercial MD-1 0 BaFBrEu screen 
(trade name of Agfa-Gevaert N.V.). 

Sample preparation: 

25 [0087] The CsBr Eu screen was produced in tiie following way: 

- A CsBnEu sample screen was made via themia! vapor deposition of CsBr and tiie EuOBr. To this aim. CsBr was 
mixed with EuOBr and placed in a container in a vacuum deposition chamber. The phosphor was deposited on a 
glass disk whh a ttitekness of 1.5 mm and a diameter of 40 mm. The distance between the container and the sub- 
30 strata was 10 cm. During evaporation, the substrate was rotated at 12 rpm. 

[0088] The substrate temperature was ca-aocc at tiie start of the evaporation process. 
[0089] The container was heated to a temperature of 750°C. 

[0090] Before the start of the evaporation, the chamber was evacuated to a pressura of 4.10"^ mbar. During the 
35 evaporation process, Ar was introduced In the chamber and the Ar gas pressure was 1 .6 1 0'^ mbar. 
[0091 ] The resulting screen had a thickness of 850 \l 

[0092] The Eu-concentratlon in the evaporated screen was measured with X-ray fluorescence. At the substrate 
side, the phosphor contained 400 ppm of Eu and at the surface side 800 ppm. 

40 Measurement procedure: 

[0093] in a first measurement, both screens were homogeneously Irradiated with a dose of ca, 50 mR at 80 kVp. 
[0094] The screens were read out in a flying spot scanner. The scanning light source was a 30 mW diode laser 
emitting at 690 nm. A 4 mm Hoya BG-39 (trade name) filter was used to separate the stimulation light from the screen 
45 emission light The scan-average levels (SAL's) were detennined as the average signal produced by the screens in the 
photomuttlpller tube. The results of these measurements were a SALi value for ttie CsBr:Eu^* screen and a SAL^ value 
for the MD-10 screen (Tabte 1). 

[0095] In a second measurement, the MD-1 0 screen was homogeneously Irradiated with a dose of ca. 44 R, also 
atSOkVp. 

so [0096] Next, ttie screen was erased wrth a 500 W (electrical power) quartz-halogen lamp tor 1 s. The light Intensity 
at the screen position was measured using a photometer and was 12 mW/cm^. 

[0097] After erasure, the screen was read out with the abovedescribed scanner, and the SAL was measured. This 
measurement yielded the SAL2 value for the MD-10 screen (Table 1), 

[0098] Erasure depth, defined as the SAL after erasure divided by the SAL prior to erasure was calculated using 
55 the equation: 



E J, = SALg X 50 / (SAL , x 44,000) 
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where the factor 50/44.000 corrects for the^erence In dose in the measurements 1 and 2, 

[0099] >n a third measurement the CsBnEu^^screen was homogeneously Irradiated wfth a dose of ca 166R also 
atSOkVp. 

[0100] Next, the screen was erased with the 500 Watt quartz-halogen lamp for 1 S. The light Intensity on the screen 
was. again. 12 mW/cnr. 

[0101] After erasure, the screen was read out with the abovedescribed scanner, and the SAL was determined. This 
measurement yielded the SAL^j value for the CsBr Eu^* screen (Table 1 ). 

[0102] Erasure depth, defined as the SAL after erasure divided by the SAL prior to erasure was calculated using 
the equation: 



15 



25 



30 



35 



40 



E d = SALa X 50 / (SAL X 1 66.000) 
where the factor 50 / 1 66,000 con*ects for the difference In dose in the measurements 1 and 3. 

Table 1 



(2). 



Measured SAL values and calcuited E^ values for 
MD-10 and C8Br:Eu2+ screens 




MD-10 BaFBr : Eu** 


C«Br:Eu** 


SALi 


440 


1,180 


SALa 


2,800 




SAL3 




290 


Ed 


7.T0-^ 


7.10-5 



[0103] It is clear that CsBnEu has a much better erasability than the commercial BaFBr:Eu2+ phosphor. As a con- 
sequence, much less erasure power Is needed to erase the CsBr Eu^^- storage phosphor screen and the object of the 
present Invention can be accomplished by maWng an imaging system based on CsBr:Eu instead of BaFBr:Eu. 
[0104] In a fourth set of measurements, the CsBriEu^^ screen was erased with a laser emitting at 685 nm. 
[0105] The laser beam was expanded to give an Intensity of 0.1 26 mW/cm^ on the screen to be erased. 
[0106] In a first measurement the screen was homogeneously innadlated with a dose of 48 mR at 80 kVp. 
[0107] The screen was read out with the abovedescribed scanner, and the SAL was measured. This measurement 
yielded the SAL41 value for the CsBnEu screen fTable 2). 

[0108] Next, the CsBr:Eu screen was homogeneously Imadiated with a doses ranging from 167 mR to 1 15 R and 
erased with the laser set-up for 1 to 100 s (Table 2). 

[0109] After erasure, the screen was read out with the abovedescribed scanner, and the SAL was measured. The 
measurements yielded the SAL42 to SAL48 values given In Table 2. 

[0110] Erasure depth, defined as the SAL after erasure divided by the SAL prior to erasure was calculated using 
the equation: 



Ejj = SAL^jj X 48 / (SAL 41 x Dose(x)) 
45 where the factor 48 / Dose(x) con-ects for the difference in dose in the measurements. 



(2). 



Table 2 



so 



55 



Measured SAL values and calculated value for the CsBnEu^* screen for 
monochromatic erasure at 685 nm 


Measurement 


X-ray dose (mR) 


Erasure time (s) 


SAL(V) 


Ed 


41 


48 


0 


917 


1 


42 


167 


1 


842 


2.6 10*"* 


43 


167 


2 


399 


1.3 10-'* 


44 


234 


5 


14Z5 


3.2 10*2 
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Table 2 (continued) 



Measured SAL values and calculated value for the CsBnEu2+ screen for 
nnonochromatic erasure at 685 nm 


Measurement 


X-ray dose (mR) 


Erasure time (s) 


SAL (V) 


Ed 


45 


1,026 


10 


95.6 


4.9 10-3 


46 


25,400 


20 


323 


6.6 10-^ 


47 


60,500 


50 


53.4 


6.5 10-5 


4fi 


115,000 


100 


17 


7.7 10® 



[0111] The results in Table 2 demonstrate that an erasure time of ca. 80 s is required In the used set-up to reach 
the desired erasure depth of 3 10"^. 
IS [0112] With an erasure intensity of 0.125 mW/cm^, this corresponds to a required erasure power of 1 0 mW/cm^. 

Calculation of the required electrical power: 

[01 1 3] The largest screens that are used in mecfical radiography have a size of 35 x 43 cm^, i.e. a size of 1 ,500 cm^. 

20 [0114] As Indicated above, an erasure depth of 3.1 0'^ is reached when the CsBrEu^* screen is erased with an opti- 
cal energy of 1 0 mJ/cm^. The optical energy to erase a complete screen Is, therefore: 15 J. 
[0115] Some high power lasere have emitting dimensions that are small in one direction and large, i.e. 10 or 
larger, In the other direction. This means that these lasers can not be used as a scanning lasers in a flying spot scanner, 
because it is impossible to focus the scanning laser beam to sufficiently smali dimension. The laser can be used, how- 

25 ever, in an erasure unit. The laser can be used in a nne scanner as well. In this iast type of scanner, the laser can be 
used as scanning device and as erasing device, if the laser is used for scanning and erasing, a filter has to be provided, 
that reduces the laser power on the phosphor screen while scanning and that is removed while erasing. 
[0116] Lasers of this type are e.g.: 

30 An SDL-3400 laser, that has emitting dimensions of 1 cm x 1 n and a power of up to 20 W. With this laser the eras- 
ure time for a 35 x 43 cm^ CsBrEu screen would be of the order of 1 s or less. 

An SDL-7430 laser has a power of 0.5 W and emits at 680 nm. With this type of laser, the CsBnEu phosphor can 
be erased In 30 s. This laser again can be used in a separate scan unit, but it can be used simultaneously as scan- 
ning and erasing laser in a line scanner, because its emitting dimensions are 250 x 1 ii 

35 

[0117] Another type of high power laser Is a fiber-coupled laser. This type of laser cannot be used for scanning 
since the light exiting from the fiber diverges. 
[Oil 8] Lasers of this type are e.g.: 

40 The SDL-7470-P5 laser, that has a power of 3 W, which Implies an erasure nme of ca. 5 s for a 1 .500 cm^ CsBr:Eu 
phosphor screen. The emission wavelength is 670 - 690 nm, which is in the useful wavelength range. 
Another fiber-coupled laser is the SDL-3400-P8 laser with a power of 16 W. This laser will allow to erase the 
CsBr.Eu phosphor screen in a time of 1 s or iess. 

A third type of fiber-coupled laser is the SDL-6480-P6 laser with a power of 12 W. This laser will allow to erase the 
45 CsBr:Eu phosphor screen in a time of ca. 1 .5 s. 

Claims 

1. Method of reading a radiation Image that has been stored In a photostimulable phosphor screen comprising the 
so steps of 

(1) stimulating said phosphor screen by means of stimulating radiation emitted by a stimulating light source, 

(2) detecting fight emitted by the phosphor screen upon stimulation and converting the detected light into a sig- 
nal representation of said radiation image, 

55 (3) erasing said phosphor screen by exposing it to erasing light, wherein 

(4) said photostimulable phosphor screen comprises a divalent europium activated cesium hallde phosphor 
wherein said halide Is at least one of chloride and bromide, and 

(5) said erasing light is emitted by an erasing light source assembly comprising at least one laser. 
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2. A method according to claim 1 wherein said stimulating Hght source fe the same lighTsource as said erasing light 
source. 

3. A method according to claim 1 wherein said screen comprises a phosphor which is obtainable by the following 
s steps* 

- mixing CsX with between lO'^ and 5 nral % of a Europium compound selected from the group consisting of 
EuX'2. EuX'3 and EuOX', X' being a member selected from the group consisting of F, CI, Br and I, 

firing the mixture at a temperature above 450'C 
10 • cooling said mixture and 

recovering the CsX:Eu phosphor, 

4. A method according to claim 1 wherein said phosphor screen is obtained by the steps of 

w - preparingsaidCsX:EuphosphorbyfiringamixturBofsaidCsXwIthbetween 1 0-3 and 5 mol % of an Europium 
compound selected from the group consisting of EuX^g, EuXg and EuOX', X* being a haiide selected from the 
group consisting of R CI, Br and I and 

- applying said phosphor on a substrate by a method selected from the group consisting of physical vapour dep- 
osition, thermal vapour deposition, chemical vapour deposition, radio frequency deposition and pulsed laser 

20 deposition. 

5. A method according to claim 1 wherein said phosphor screen is obtained by the steps of 

- bringing multiple containers of said CsX and an Europium compound selected from the group consisting of 
zs EuX'a, EuX'a and EuOX', X' being a haiide selected from the group consisting of R CI, Br and I in condition for 

vapour deposition and 

- depositing, by a method selected from the group consisting of physical vapour deposition, thermal vapour dep- 
osition, chemical vapour deposition, electron beam deposition, radio frequency deposition and pulsed laser 
deposition, both said CsX and said Europium compound on a substrate in such a ratio that on said substrate 

30 a CsX phosphor, doped with between 1 0'^ and 5 mol % of an Europium compound, Is formed, 

6. A radiation image read out apparatus for reading a radiation image that has been stored in a photostlmulabie phos- 
phor screen having. 

35 - a source of stimulating radiation ananged for emitting stimulating light, 

- means tor directing said stimulating light onto a photostlmulabie phosphor screen, 

- a transducer for converting light emitted by said phosplior screen upon stimulation into an electrical signal, 

- an erasing unK for erasing said photostinoulable phosphor screen after having been stimulated, wherein 

- said phosphor screen cocmprises a divalent europium activated cesium haiide phosphor wherein said haiide 
40 is at least one of chloride and bromide, and 

- said erasing unit comprising at least one laser. 

7. An apparatus according to claim 6 wherein said a phosphor Is obtainable by the following steps: 

45 - mixing CsX with between IQ-^ and 6 mol % of a Europium compound selected from tiie group consisting of 
EuX*2, EuX'3 and EuOX*, X being a member selected from the group consisting of F, CI, Br and I, 

- firing the mbcture at a temperature above 460 'C 
cooling said mixture and 

- recovering the CsX:Eu phosphor. 

so 

8. An apparatus according to 6 wherein said phosphor screen is obtained by tiie steps of 

- preparing said CsX: Eu phosphor by firing a mixture of said CsX with between 1 0-3 and 5 mol % of an Europium 
compound selected from ttie group consisting of EuX'2, EuX'3 and EuOX*. X' being a haiide selected from tiie 

55 group consisting of F. CI, Br and 1 and 

- applying said phosphor on a substrate by a method selected from tiie group consisting of physical vapour dep- 
osition, thennai vapour deposition, chemical vapour deposition, radio frequency deposition and pulsed laser 
deposition. 
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9. An apparatus according to clainn 6 wherein said phosphor screen is obtained by the steps of 

bringing muttiple containers of said CsX and an Europium compound selected from the group consisting of 
EuX 2. EuX 3 and EuOX', X* being a halide selected from the group consisting of F, CI, Br and I in condition for 
5 vapour deposition and 

depositing, by a method selected from the group consisting of physical vapour deposition, thermal vapour dep- 
osition,, chemical vapour deposition, electron beam deposition, radio frequency deposition and pulsed laser 
deposition, both said CsX and said Europium compound on a substrate in such a ratio that on said substrate 
a CsX phosphor, doped with between 10"^ and 5 mol % of an Europium compound, is formed. 

w 

10. An apparatus according to claim 6 wherein said source of stimulating radiation and the laser of said erasing unit is 
the same light source. 

11. A re-usable radiation detector comprising 

15 

a photostimulable phosphor screen, 

at least one source of stimulating tight arranged for stimulating said phosphor screen, 

- an array of transducer elements arranged for capturing light emitted by the phosphor screen upon stimulation 
and for converting said light into an electrical signal representation. 

20 - an erasing unit arranged for enaslng said screen when h has been read out, 

- means for transporting the phosphor screen and an assembly of stimulating light source(s), said an^ of trans- 
ducer etements and said erasing unit relative to each other, 

an enclosure enclosing said photostimulable phosphor screen, said stimulating light souroe, said erasing unit, 
said array of transducer elements and said means for transporting the screen. 
25 - Interfacing means for communicating said electrical representation to an external signal processing device, 
wherein said erasing unit comprises at least one laser. 

12. A detector according to claim 1 1 wherein said linear stimulating light source is a linear array of laser diodes. 

3D 13. A detector according to claim 1 1 wherein said linear array of transducer elements is a linear array of charge cou- 
pled device elements. 

A detector according to d aim 1 1 wherein said phosphor screen comprises d divalent europium activated cesium 
halide phosphor wherein said halide Is at least one of chloride and bromide. 

A detector according to claim 11 wherein said photostimulable phosphor screen Is obtainable by the following 
steps: 

mixing CsX with between 10"^ and 5 mol % of a Europium compound selected from the group consisting of 
40 EuX'g, EuXa and EuOX', X* being a nrtember selected from the group consisting of F, CI, Br and I, 

- firing the mixture at a temperature above 450 °C 
cooling said mixture and 

recovering the CsX:Eu phosphor. 

45 16. A detector according to claim 1 1 wherein said phosphor screen is obtained by the steps of 

- preparingsaidCsXiEuphosphorbyfiringamixtureof sa1dCsXw1thbetw0en1O-3and5mol%of an Europium 
compound selected from the group consisting of EuX'2, EuX'a and EuOX*. X' being a halide selected from the 
group consisting of F, Ct, Br and I and 

50 - applying said phosphor on a substrate by a method selected from the group consisting of physical vapour dep- 
osition, thermal vapour deposition, chemical vapour deposition, radio frequency deposition and pulsed laser 
deposition. 

A detector according to claim 1 1 wherein said phosphor screen is obtainable by the steps of 

bringing multiple containers of said CsX and an Europium compound selected from the group consisting of 
EuX'2, EuX 3 and EuOX', X* being a halide selected from the group consisting of F, CI, Br and I in condition for 
vapour deposition and 
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- deposing, by a method se'tected from the group consisting of physical vapour depMlfon^lherrria 

osition,, chemicai vapour depo^lion, electron t>eam deposition, radio frequency deposition and pulsed laser 
depositJon. both said CsX and said Europium compound on a substrate in such a ratio that on said substrate 
a CsX phosphor, doped with between 10*^ and 5 mol % of an Europium compound, is formed. 
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